It is established that increased autophagy is readily detectable after various types of acute brain injury, including trauma, focal and global cerebral ischemia. What remains controversial, however, is whether this heightened detection of autophagy in brain represents a homeostatic or pathologic process, or an epiphenomenon. The ultimate role of autophagy after acute brain injury likely depends upon: 1) the degree of brain injury and the overall autophagic burden; 2) the capacity of individual cell types to ramp up autophagic flux; 3) the local redox state and signaling of parallel cell death pathways; 4) the capacity to eliminate damage associated molecular patterns and toxic proteins and metabolites both intra-and extracellularly; and 5) the timing of the pro-or antiautophagic intervention. In this review, we attempt to reconcile conflicting studies that support both a beneficial and detrimental role for autophagy in models of acute brain injury.
Introduction
Autophagy is vital to cellular homeostasis in brain and is tightly regulated under normal conditions. In conditions of stress (e.g. nutrient deprivation, starvation) or acute cellular injury (e.g. trauma, ischemiareperfusion), autophagy is increased and appears to be proportional to the degree of stress/injury. Increased detection of autophagy has been reported after various types of acute brain injury, including traumatic brain injury (TBI), stroke, global cerebral ischemia, and seizures. However, whether this heightened detection of autophagy in brain represents a protective response, pathologic process, or an epiphenomenon remains controversial, with reports in experimental models showing beneficial effects of both promoting and inhibiting autophagy (Galluzzi et al., 2016) . Indeed, since the review by Smith et al. (2011) there have been over 400 new citations listed on PubMed related to autophagy after acute brain injury promulgating mechanistic insights, but without further clarifying the role of autophagy in brain after injury. Our objective is to review recent studies and novel mechanistic discoveries, and attempt to provide a speculative synthesis as to the role of autophagy after acute brain injury.
Autophagy after brain injury
The presence of autophagosomes in the mature brain normally and during starvation is lower compared with other organs (heart, liver, pancreas, kidney, skeletal muscle) (Mizushima et al., 2004) , a finding that could be related to reduced autophagy and/or enhanced turnover (Boland and Nixon, 2006) . However, after acute brain injury, there is compelling evidence that autophagy is induced, observed in multiple experimental models by ultrastructural identification of autophagosomes and autolysosomes, and/or the presence of autophagy-related microtubule-associated protein 1 light chain 3-II (LC3-II) detected using western blot or immunohistochemistry (Galluzzi et al., 2016) . Increased detection of autophagosomes may be a consequence of increased autophagy itself, or impaired autophagic flux-the process of fusion with lysosomes to form autolysosomes, and subsequent degradation (Fig. 1) . During starvation-induced autophagy triggered in response to nutrient deprivation, or homeostatic autophagy recycling aging organelles and dysfunctional proteins, autophagic flux is balanced, i.e. can keep up with demand. Under conditions of injury or disease autophagic flux may be impaired and/or overwhelmed and unable to keep up with generation of autophagosomes. Impaired autophagic flux and lysosomal function have been suggested to contribute to Parkinson's disease (Su et al., 2017 ), Alzheimer's disease (Bordi et al., 2016) , and TBI (Sarkar
